Although it is known that campylobacters are microaerophilic, little information is available on the optimum and range of oxygen and carbon dioxide concentrations required for culture of the different biotypes. Kiggens and Plastridge' reported that an atmosphere of 5% oxygen and 10% carbon dioxide in nitrogen was optimal for Campylobacter fetus (Vibrio fetus of bovine origin), and Dekeyser et a12 and Skirrow3 found that similar mixtures were suitable for C jejuni and C coli.
Several methods of producing a microaerobic atmosphere suitable for campylobacters have been examined. Butzler & Skirrow4 drew a partial vacuum (500 mm Hg) in a carbon dioxide incubator or anaerobic jar (without catalyst) and refilled with a 15% carbon dioxide/85% nitrogen or hydrogen mixture (evacuation-replacement technique). Other workers have evacuated to different negative pressures and refilled with different gas mixtures.
DeBoeck5 incorporated the aerotolerant supplement (a mixture of ferrous sulphate, sodium matabisulphite and sodium pyruvate) of George et a!6 into Butzler's medium4 and cultured specimens in a candle jar. A more convenient method is to use Accepted for publication 8 February 1983 one of the commercial gas generating envelopes recently introduced. In a previous study7 we analysed the oxygen and carbon dioxide concentrations produced by these methods and tested the suitability of the atmospheres for culture of the different Campylobacter biotypes.8 The present study was carried out to determine the optimum and range of oxygen and carbon dioxide concentrations required for culture of the different biotypes. Table. In the absence of carbon dioxide C jejuni ATCC 3036, C coli and the NARTC strain all failed to grow on the test plates; C jejuni strains NCTC 11168 and NCTC 11392 grew in atmospheres containing 1% and 5% oxygen but the growth indices were significantly less than 1-00.
In atmospheres containing less than 0-5% oxygen C jejuni NCTC 11168 and ATCC 3036 grew satisfactorily in carbon dioxide concentrations ranging from 2-5% to 15%, and the other test organisms in carbon dioxide concentrations of 1% to 15%. In atmospheres containing 1% oxygen, all of the test organisms grew satisfactorily in carbon dioxide concentrations ranging from 1% to 15%. In atmos- TOTAL GROWTH STUDIES Figure 1 shows the total growth patterns of the five test organisms on slopes of recovery medium after incubation in atmospheres containing oxygen concentrations ranging from 1 % to 21 %, and carbon dioxide concentrations ranging from 0% to 15%. Figure la demonstrates that in the absence of carbon dioxide C jejuni NCTC 11168 grew poorly or not at all, depending on the oxygen concentration. However, in the presence of 1 % to 15% carbon dioxide the total growth was good and tended to increase slightly with carbon dioxide concentration. With regard to oxygen concentration, the total growth was good over the range 1% to 21% with a peak at 10%. An atmosphere containing 5% to 15% carbon dioxide and 10% oxygen was optimal.
Figure lb demonstrates that the total growth patterns of Cjejuni ATCC 3036 in different concentrations of carbon dioxide were variable. The organism failed to grow in the absence of carbon dioxide, and only grew in the presence of 15% oxygen when the carbon dioxide concentration was 10%. An atmosphere containing 1% to 5% carbon dioxide and 10% oxygen was optimal.
Figure lc demonstrates that the total growth patterns of Cjejuni NCTC 11392 were similar to those of C jejuni NCTC I 1 168; an atmosphere containing 2-5% to 10% carbon dioxide and 10% oxygen was optimal. Figure Id demonstrates that the total growth patterns of C coli NCTC 11353 in atmospheres containing 1 % to 15 % carbon dioxide were similar over the oxygen range 1% to 10% but diverged at higher oxygen concentrations. The organism failed to grow in the absence of carbon dioxide, and only grew in the presence of 21 % oxygen when the carbon dioxide concentration was 10%. An atmosphere containing 2-5% to 15% carbon dioxide and 10% oxygen was optimal.
Figure le demonstrates that the total growth patterns of .NARTC NCTC 11352 in atmospheres containing 1 % to 15% carbon dioxide were similar over the oxygen range 1% to 10%. The organism failed to grow in the absence of carbon dioxide or in the presence of 15% oxygen. An atmosphere containing 2-5% to 10% carbon dioxide and 10% oxygen was optimal. Figure 2 shows the oxygen and carbon dioxide concentrations produced in anaerobic jars evacuated to different pressures and then refilled with mixtures of 5%, 10%, 15% and 20% carbon dioxide in nitrogen. It can be seen that the oxygen concentration produced in the jars decreased as the evacuation pressure increased. The oxygen concentrations produced with different evacuation pressures were approximately 14% with 400 mm Hg, 9-5% with 500 mm Hg, 5% with 600 mm Hg and 1-5% with 700 mm Hg. Conversely, the carbon dioxide concentrations produced increased as the evacuation pressure increased, and also with the concentration of carbon dioxide present in the mixture used to refill the jar. After evacuation to 500 mm Hg, which is usually done,4 the carbon dioxide concentrations produced after refilling with different mixtures were approximately 3-25% with 5% carbon dioxide in nitrogen, 4-75% with 10% carbon dioxide in nitrogen, 8% with 15% carbon dioxide in nitrogen, and 10*5% with 20% carbon dioxide in nitrogen.
ATMOSPHERES PRODUCED BY DIFFERENT EVACUATION-REPLACEMENT TECHNIQUES

Discussion
The thermophilic campylobacters are microaerophilic, and many different methods of producing microaerobic atmospheres have been proposed for their isolation. In a previous study7 we found that the oxygen and carbon dioxide concentrations present in atmospheres produced by the different methods varied markedly. Hence, in order to ascertain which methods were best, we set out to determine the optimum and range of oxygen and carbon dioxide concentrations required for culture of the different biotypes of thermophilic campylobacters.
The present study has demonstrated that the mic- Total growth studies showed that atmospheres of 5% to 10% oxygen and 1% to 10% carbon dioxide produced very good growth of all of the test organisms.
In our previous study7 we measured the oxygen and carbon dioxide concentrations present in atmospheres produced by different methods of achieving microaerobiosis. An Oxoid BR60 envelope produced 8-5% oxygen and 4-8% carbon dioxide in an Oxoid 3.5 1 jar. A BBL CampyPak envelope produced 5-8% oxygen and >10% carbon dioxide in a BBL 2-5 1 jar. The present studies show that both of these methods produce atmospheres satisfactory for growth of the different biotypes. The evacuation-replacement technique is widely used to achieve microaerobiosis. Butzler and Skirrow4 recommended an evacuation pressure of 500 mm Hg and refilling with 15% carbon dioxide in nitrogen. Our assays have shown (Fig. 2) that this procedure will produce an atmosphere of approximately 9-75% oxygen and 8*0% carbon dioxide which is satisfactory for growth of the different biotypes. Our results show that evacuation pressures of 500-600 mm Hg and refilling with mixtures of 5% to 15% carbon dioxide in nitrogen should produce atmospheres satisfactory for growth of the different biotypes. In our previous study7 a candle was found to produce 17-0% to 18-5% oxygen and 1-2% to 1-5% carbon dioxide concentrations in jars of different volume. In the present study it was found that C jejuni strains NCTC 11168 and NCTC 11392 generally tolerated 21% oxygen, C coli NCTC 11353 generally tolerated 15% oxygen, and Cjejuni ATCC 3036 and NARTC NCTC 11352 tolerated 10% oxygen. In previous studies with these organ- Figure 1 shows the correlation (r = 0-95, p < 0.001) between ANal and serum viscosity. Figure 2 shows the correlation (r = 0-71, p < 0.01) between ANa2 and serum viscosity. For serum sodium measurements performed by indirect potentiometry, a 2 mmol/l decrease is seen for every one centistoke increase in serum viscosity.
Dangerous pseudohyponatremia can occur in patients with hyperviscosity (Table) . We wish to draw attention to the fact that the degree of pseudohyponatremia is dependent upon the technique that is used for thermophilic campylobacters.
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